Background
==========

The thyroid gland in the anterior neck can be directly invaded by surrounding organ cancers, and laryngeal and hypopharyngeal carcinomas often invade the gland. However, reports of other carcinomas directly invading the thyroid gland are few ([@bib1]). We encountered two patients with mediastinal malignant tumors that directly invaded the thyroid gland and required differentiation from primary thyroid cancer. We report these cases contrasting them to the case of a thyroid cancer with mediastinal lesions.

Case reports
============

Case 1
------

### Case presentation

A 73-year-old woman consulted a nearby physician due to bloody sputum. A bronchoscope examination revealed a tumor projecting into the lumen and she was diagnosed as having a papillary thyroid carcinoma (PTC) after a biopsy. She visited our hospital for treatment.

### Investigation

The blood test results included a thyroid-stimulating hormone (TSH) at 2.62 µIU/mL, free triiodothyronine (F-T3) at 3.07 pg/mL, free thyroxine (F-T4) at 1.04 ng/mL, thyroglobulin (Tg) at 609 ng/mL and thyroglobulin antibody (TgAb) at 361 IU/mL. Ultrasonography (US) revealed a low echoic irregular mass with unclear borders in the lower pole of the right lobe of thyroid ([Fig. 1A](#fig1){ref-type="fig"}). Computed tomography (CT) revealed an irregular tumor measuring 3.7 cm on the right side of the trachea with a protrusion into the tracheal lumen ([Fig. 1B](#fig1){ref-type="fig"}). No continuity between the tumor and the thyroid was apparent ([Fig. 1C](#fig1){ref-type="fig"}). She had no distant metastases. Histological sections of the previous bronchoscopy revealed a papillary growth. Immunohistochemistry (IHC) results were positive for thyroid transcription factor 1 (TTF-1), Tg and PAX-8. The lesion was diagnosed as a tracheal invasion of mediastinal lymph node metastasis due to PTC (UICC 8th edition, T1bN1aM0 StageII).Figure 1Case of papillary thyroid carcinoma. (A) Ultrasonography revealed a low echoic irregular mass with unclear borders in the lower pole of the right lobe of thyroid (arrow). (B) Computed tomography revealed an irregular tumor measuring 3.7 cm on the right side of the trachea with a protrusion into the tracheal lumen (arrow). (C) No continuity between the tumor and the thyroid was apparent (arrow). (D and E) Histologic sections of the resection specimen showed that the tumor formed a papillary structure, and individual cancer cells had nuclear grooves (arrows). (D) Original magnification ×100, (E) Original magnification ×400.

### Treatment

The patient underwent total thyroidectomy, central neck and upper mediastinal dissections and tracheal and right recurrent nerve combined resections. The postoperative course was uneventful, and we discharged the patient on the 12th postoperative day. Histopathological finding confirmed the diagnosis of PTC. The tumor formed a papillary structure, and individual cancer cells had nuclear grooves ([Fig. 1D](#fig1){ref-type="fig"} and [E](#fig1){ref-type="fig"}). We ordered postoperative radioactive iodine (RAI).

### Outcome and follow-up

The patient has no evidence of recurrence 8 months after operation.

Case 2
------

### Case presentation

A 74-year-old man consulted his physician due to bloody sputum and hoarseness. CT revealed an upper mediastinal tumor projecting into the bronchial lumen. Biopsy through bronchoscopy diagnosed a poorly differentiated carcinoma. IHC results were partially positive for CK7 and TTF-1 ([Fig. 2E](#fig2){ref-type="fig"}), and negative for CK20, chromogranin A, synaptophysin and CD56. The tumor was suspected to be a tracheal invasion from a thyroid cancer, and the patient was referred to our hospital.Figure 2Case of mediastinal type non-small-cell lung cancer. (A) Ultrasonography revealed an irregular low echoic area in contact with the lower pole of the right lobe of thyroid (arrow). (B) Computed tomography revealed an irregular tumor measuring 8 cm on the right side of the trachea protruding into the tracheal lumen (arrow). (C) The head side of the tumor was in contact with the lower pole of the right lobe of thyroid (arrow). (D) Histologic sections of the biopsy through bronchoscopy showed that the tumor cell had high nuclear-plasmic ratio (arrow). Original magnification ×200. (E and F) Immunohistochemistry revealed partially positive for thyroid transcription factor 1 (E) (arrow) and negative for PAX-8 (F) (arrow). Original magnification ×200.

### Investigation

The blood tests on admission showed a TSH at 3.19 µIU/mL, F-T3 at 1.97 pg/mL, F-T4 at 0.86 ng/mL, Tg at 32.3 ng/mL, TgAb at 642 IU/mL, CEA at 3.4 ng/mL (normal upper limit (NUL): 5.0 ng/mL), squamous cell carcinoma (SCC) antigen at 2.7 ng/mL (NUL: 1.5 ng/mL), CYFRA at \<1.0 ng/mL (NUL: 3.5 ng/mL) and ProGRP at 59.0 pg/mL (NUL: 81.0 pg/mL). US revealed an irregular low echoic area in contact with the lower pole of the right lobe of thyroid ([Fig. 2A](#fig2){ref-type="fig"}). CT revealed an irregular tumor measuring 8 cm on the right side of the trachea protruding into the tracheal lumen ([Fig. 2B](#fig2){ref-type="fig"}). The head side of the tumor was in contact with the lower pole of the right lobe of thyroid ([Fig. 2C](#fig2){ref-type="fig"}). There was no cervical lymph node metastasis. He had no distant metastases. Transbronchial biopsy specimen was revised. The tumor cell had high nuclear-plasmic ratio and poorly differentiated SCC was diagnosed ([Fig. 2D](#fig2){ref-type="fig"}). Because the main lesion was within the mediastinum, differential diagnosis included thyroid, lung or esophageal cancer. The later was excluded by the upper gastrointestinal endoscopy. We performed additional IHC observing diffuse p40 and partially CAM5.2 positivity, and CD5, nuclear protein in testis (NUT), PAX-8 ([Fig. 2F](#fig2){ref-type="fig"}) and Tg negativity.

### Outcome and follow-up

We discarded SCC of the thyroid gland, and we diagnosed the patient as having non-small-cell lung carcinoma, squamous cell carcinoma type (UICC 8th edition, T4N3M0 StageIIIC) and he underwent chemoradiotherapy by pulmonologists.

Case 3
------

### Case presentation

A 77-year-old man consulted a nearby physician due to cervical discomfort. CT revealed an upper mediastinal tumor that was diagnosed as a mediastinal goiter. The patient was referred to us.

### Investigation

The blood test showed a TSH at 1.86 µIU/mL, F-T3 at 1.64 pg/mL, F-T4 at 1.28 ng/mL, Tg at 26.8 ng/mL, TgAb at \<10 IU/mL, CEA at 4.6 ng/mL, SCC antigen at 1.0 ng/mL, CYFRA at 2.4 ng/mL and ProGRP at 81.6 pg/mL. US revealed a low echoic tumor with unclear borders in the lower pole of the left lobe of thyroid ([Fig. 3A](#fig3){ref-type="fig"}). CT revealed an irregular tumor measuring 7.5 cm. The tumor was developing from the upper mediastinum to the lower pole of the left lobe of thyroid ([Fig. 3B](#fig3){ref-type="fig"} and [C](#fig3){ref-type="fig"}). The tumor invaded brachiocephalic vein, and there was no cervical lymph node metastasis. He had no distant metastases. We suspected SCC based on the tumor cytology. The core needle biopsy was performed to identify the primary organ. The tumor contained many nuclear fissions and included necrosis ([Fig. 3D](#fig3){ref-type="fig"}). IHC results were positive for CD5 ([Fig. 3E](#fig3){ref-type="fig"}), chromogranin A and synaptophysin ([Fig. 3F](#fig3){ref-type="fig"}) and negative for c-kit, p40 and TTF-1. We suspected thymus-derived cancer from the IHC results.Figure 3Case of thymic carcinoma. (A) Ultrasonography revealed a low echoic tumor with unclear borders in the lower pole of the left lobe of thyroid (arrow). (B and C) Computed tomography revealed an irregular tumor measuring 7.5 cm (arrow). The tumor was developing from the upper mediastinum to the lower pole of the left lobe of thyroid (arrow). (D) Histologic sections of the core needle biopsy showed that the tumor contained many nuclear fissions and included necrosis (arrow). Original magnification ×200. (E and F) Immunohistochemistry revealed positive for CD5 (E) and synaptophysin (F) (arrows). Original magnification ×200.

### Outcome and follow-up

We diagnosed the patient as having a thymic carcinoma (UICC 8th edition, T3N2M0 StageIVB) based on pathological findings and referred the patient to thoracic surgeons, and he will undergo surgical management.

Discussion
==========

Mediastinal tumors are uncommon and represent 3% of the tumors seen within the chest. In reports on mediastinal masses, the incidence of malignant lesions ranged from 25 to 49% ([@bib2]). Signiﬁcant advances in the diagnosis of mediastinal lesions have been developed including through imaging, biopsy and immunohistochemical techniques. We encountered two patients with SCC invading the thyroid gland and one with PTC. The images of the three cases were similar, and the differential diagnoses were difficult and required pathological examination. However, confirmation of the diagnosis by cytology or core needle biopsy is often difficult ([@bib3]).

Case 1 had a tumor with mediastinal tracheal invasion. Three major immunohistochemical markers differentiate thyroid cancers: PAX-8, Tg and TTF-1. The bronchoscopy specimen showed that these three markers were positive for papillary tumor cells, and the patient was diagnosed as having a tracheal invasion by a PTC. Surgery is the first choice for the initial treatment of differentiated thyroid cancers (DTCs). And postoperative RAI has been associated with improved prognosis. Our case had a tracheal invasion with a high risk of recurrence. Tyrosine kinase inhibitors (TKIs) are effective for RAI-refractory DTC. We will consider using a TKI if recurrence occurs.

Case 2 also had a tumor with a mediastinal tracheal invasion. The bronchoscopy specimen showed a poorly differentiated SCC, because p40 was diffusely positive. Tg and TTF-1 do not always become positive in IHC samples of primary thyroid SCCs ([@bib4]). Therefore, Tg and TTF-1 were not useful for distinguishing between primary thyroid SCC and SCC of the lung. Suzuki *et al*. reported that the positive rates of PAX-8 in primary thyroid SCCs is 90.9% and that PAX-8 staining could help differentiate between primary thyroid SCC and invasion or metastasis from extrathyroidal SCCs ([@bib3]). We also had to exclude anaplastic thyroid carcinoma (ATC). Bishop *et al*. reported that the tissue specificity of PAX8 expression might be useful in resolving the differential diagnosis of ATC such as the distinction between its squamoid variant and SCC of the head and neck ([@bib5]). Therefore, PAX8 staining is an excellent marker for carcinomas of follicular epithelial origin. Case 2 was negative for Tg and PAX-8, and the image findings were not typical of thyroid cancer. Therefore, we diagnosed the patient as having SCC of the lung. We chose chemoradiotherapy for our patient. Some tissue types of lung cancer present high sensitivity to chemotherapy. On the other hand, the effectiveness of chemotherapy for thyroid cancer is uncertain, and the distinction between thyroid and lung cancers is important.

Case 3 had a low echoic tumor with unclear borders in the lower pole of the left lobe of the thyroid gland in US images and was a suspected SCC by cytology. We performed core needle biopsy to identify the primary organ. IHC results were positive for CD5, chromogranin A and synaptophysin. Large cell neuroendocrine carcinoma (LCNEC) was suspected from tissue morphology. However, CD5 was positive and thymus-derived cancer was considered first. We had to distinguish between a thymic carcinoma and a carcinoma showing thymus-like differentiation (CASTLE). These markers cannot help differentiate between thymic carcinomas and CASTLE ([@bib6]). Considering the image findings, we diagnosed the tumor as a thyroid invasion of thymic carcinoma because the main lesion was within the mediastinum. Thymic carcinoma is rare and comprises only 0.06% of thymic neoplasms ([@bib7]). Its prognosis is poor with an overall 5-year survival of 60% and 10-year survival of 40%. Curative surgery and postoperative radiotherapy contribute to the improvement of progression-free survival and overall survival. If surgery is difficult, chemotherapy may be done ([@bib8]). On the other hand, the prognosis of CASTLE is relatively good, and its 5-year and 10-year cause-specific survival rates are 90 and 82%, respectively ([@bib9]).

The effectiveness of thyroidectomy for thyroid invasions by cancers originating from adjacent organs is unclear. The frequency of neoplastic involvement of the thyroid in advanced SCC of the larynx varies between 1 and 30% ([@bib1]). Lobectomy or total thyroidectomy should be selected according to the metastatic lesion site for thyroid metastasis by other organ cancers ([@bib10]). In case 3, only the left lobe of the gland was invaded. Therefore, the left lobectomy at the same time as resection of the thymic carcinoma was appropriate.

Conclusion
==========

These three cases had major lesions in the mediastinum, but the diagnosed carcinomas were different. Because each cancer has different treatment strategies and prognoses, it is important to properly diagnose them by images and pathological findings.
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